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Abstract: In this study, the macro- and micromorphological seed characteristics of the genus Crocus L. series Crocus taxa, including
C. pallasii, C. turcicus, C. dispathaceus, C. asumaniae, C. mathewii, C. thomasii, C. oreocreticus, and C. cartwrightianus, were observed.
Morphological characteristics, such as the size, shape, color, and seed surface structures, were analyzed using stereo and scanning
electron microscopes. Testa layer structures including the outer and inner testae, phytomelan layer structure and thickness, and seed
endosperm cell features were studied. Differences in the seed, raphe size, seed surface patterns, inner testa features, and phytomelan
layer thickness were observed at an interspecific level. The results revealed differences in the seed morphology and anatomy with a few
exceptions.
Key words: Crocus, seed, morphology, anatomy, scanning electron microscopy, phytomelan layer

1. Introduction
Crocus L. (Iridaceae) comprises 235 taxa (Petersen
et al., 2008; Kerndorff and Pasche, 2011; Peruzzi and
Carta, 2011; Carta et al., 2015; Ruksans, 2017), and is
distributed from West Europe and Northwest Africa
to West China, with the center of species diversity in
the Balkan Peninsula and Turkey. Turkey is the richest
country with 137 Crocus taxa (Harpke et al., 2012;
Ruksans, 2017). Different conventional morphological
features used in Crocus taxonomy with regards to
possibly distinguishing monophyletic groups within the
genus have been reported in the literature (Harpke et
al., 2012, 2014; Carta et al., 2015), in which it was found
that none of the traditional morphological features were
suitable for discriminating Crocus sections or series. This
status has caused some problems in their classification;
therefore, additional characteristics that can assist the
existing diagnostics are needed for the classification of
Crocus taxa.
Crocus seed color, structure, and surface sculpture are
of much importance in terms of taxonomical applications
(Maw, 1886). However, with the exception of a few studies
(Kujat and Rafiński, 1978; Grilli Caiola et al., 2010; Carta
et al., 2015), Crocus seed has not been a popular research
subject. Mathew (1982) attributed this situation to the
fact that the capsules and seeds of crocuses flowering
in either autumn or spring reach maturity during April

and May. According to our experiences from field
observations, it is hard to find and collect capsules on
the ground when vegetation is dense and tall. Therefore,
Crocus seed studies require the cultivation of related taxa
and capsule and seed harvesting should be done carefully.
Seeds and fruits may possess various macro- and
micromorphological structures that can provide valuable
information for plant taxonomy. The shape, color, size,
and especially microstructure (including anatomical
features) of the seeds and fruits are valuable information
for plant systematics (Kerndorff et al., 2015). There
have been many plant epidermal surface analyses using
scanning electron microscopes (SEMs). According to
Barthlott (1981), surface characteristics can basically
be divided into 4 main groups: 1) cellular arrangement,
2) shape of the cells, 3) relief of the outer cell walls, and
4) epicuticular secretions. These characteristics vary
widely among species and at the family level, and are not
easily affected by environmental conditions. Moreover,
Kerndorff et al. (2015) stated that the microstructures of
Crocus seed testae are very taxonomically valuable, and
just this character alone can be adequate for a systematic
grouping of the genus. In addition, the seed anatomical
characters are generally as useful as the morphological
characters for plant identification and are frequently used
in the discrimination of closely related taxa (Karamian et
al., 2012; Karaismailoğlu, 2015).

* Correspondence: cengiz.karaismailoglu@istanbul.edu.tr
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The main aim of this study was to investigate the
morphological and anatomical seed characteristics of
subgenus Crocus, section Crocus, series Crocus of Crocus
L. taxa, including C. pallasii Goldb., C. turcicus (Mathew)
Ruksans, C. dispathaceus Bowles, C. asumaniae Mathew,
C. mathewii Kerndorff & Pasche, C. thomasii Ten., C.
oreocreticus B.L.Burtt, and C. cartwrightianus Herb.,
following the new combinations of Ruksans (2017),
to detect the variations and specificities in the seed
morphology and anatomy of the studied taxa with the use
of statistical analysis. This is the first study describing both
the micromorphological and anatomical seed structures of
these taxa in detail.
2. Materials and methods
The observed taxa were analyzed using 10 seeds from each
taxon, and their origins and İstanbul University Science
Faculty Herbarium (ISTF) data are presented in Table
1. All the taxa were cultivated at the İstanbul University

Alfred Heilbronn Botanical Garden in clay pots filled with
sand, loam, clay, and a small amount of sheep manure. The
seeds were harvested between 03.04.2013 and 01.06.2013,
just before the dehiscence of the capsules.
Seed macromorphological features, such as the color,
shape, size, and raphe structure, were analyzed using an
Olympus ZS51 stereomicroscope and Kameram imaging
software. Furthermore, to examine structures such as the
type, intensity, and hair length, the presence of secondary
structures on the hairs, papillae, primary structure, and
specimen cell sizes, samples were micromorphologically
prepared for electron microscopy by mounting them on
a stub with silver adhesive, coating them with gold, and
analyzing them with JEOL Neoscope-5000 SEM at 10 kV.
In addition, anatomic cross-sections of the seeds were
studied by a fully automatic microtome (Thermo Shonda
Met Finesse) from the middle of the seeds. Afterwards,
they were passed through a variety of alcohol and
xylene series and stained with hematoxylin (Harris-

Table 1. Examined taxa and their origins.
No.

Specimen no.

Taxon

Locality

ISTF number

1

SC1

C. pallasii

Muğla, 28.10.2009

40176

2

SC2

C. pallasii

Muğla, 28.10.2009

40177

3

SC5

C. pallasii

Muğla, 29.10.2009

40179

4

SC7

C. pallasii

Muğla, 29.10.2009

40181

5

SC8

C. pallasii

Muğla, 29.10.2009

40182

6

SC10

C. pallasii

İzmir, 20.11.2009

40666

7

SC12

C. pallasii

Denizli, 24.11.2009

40668

8

SC17

C. pallasii

Konya, 28.10.2010

40661

9

SC18

C. pallasii

Konya, 28.10.2010

40660

10

CJGR-001

C. pallasii

Greece: Chios, cultivated material from Dr J Ruksans

-

11

CJGR-060

C. pallasii

Greece: Chios, cultivated material from Dr J Ruksans

-

12

CJGR-068

C. pallasii

Greece: Samos, cultivated material from Dr J Ruksans

-

13
14
15
16
17

CJGR-072
SC88
DDGL
SC22
SC21

C. pallasii
C. pallasii
C. pallasii
C. turcicus
C. dispathaceus

Greece: Samos, cultivated material from Dr J Ruksans
Isparta, 21.10.2006
Isparta, cultivated material from Dr O Erol
Gaziantep, 30.10.2010
Mersin, 29.10.2010

40167
40665
40663

18

SC45

C. asumaniae

Antalya, 29.10.2011

41073

19

SC47

C. asumaniae

Antalya, 29.10.2011

41072

20
21

SC4
SC9

C. mathewii
C. mathewii

Muğla, 29.10.2009
Antalya, 29.10.2009

40178
40183

22

CTHM

C. thomasii

Italy: Calabria, cultivated material from D Schnabel,

-

23

CRTC

C. oreocreticus

Greece: Crete, cultivated material from D Schnabel

-

24

CCWT

C. cartwrightianus

Greece: Cyclades, cultivated material from D Schnabel

-
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RRSP67-E) in a staining device (ASC 720 Medite),
and covered with Entellan in order to examine
anatomical structures such as the testa, phytomelan
layer, and endosperm cells (Karaismailoğlu, 2015).
Anatomical characteristics were observed using
an Olympus CX21FS1 microscope and Kameram
imaging software.
The data of some studied parameters (Table 2)
were collected using the SPSS software. The Duncan

multiple range test was utilized to determine the
statistical significance of differences among the
values obtained for the different taxa.
3. Results
Seed morphological characteristics of C. pallasii, C.
turcicus, C. dispathaceus, C. asumaniae, C. mathewii,
C. thomasii, C. oreocreticus, and C. cartwrightianus
were observed (Table 1). The main characteristics of the

Table 2. Macromorphological features of the examined taxa: C. pallasii: SC1, SC2, SC5, SC7, SC8, SC10, SC12, SC17, SC18, CJGR001, CJGR-060, CJGR-068, CJGR-072, SC88, and DDGL; C. turcicus: SC22; C. dispathaceus: SC21; C. asumaniae: SC45 and SC47; C.
mathewii: SC4 and SC9; C. thomasii: CTHM; C. oreocreticus: CRTC; and C. cartwrightianus: CCWT. (*) Results represent mean values
± standard deviation; means with different superscripted letters are significant at P = 0.05 (Duncan’s multiple range test), L: length, W;
width.
Seed Size (*)
L (mm) × W (mm)

Raphe (*)
L (mm) × W (mm)

Brown and shades of brown Circular

3.01 ± 0.08b × 2.97 ± 0.14a

4.62 ± 0.12b × 0.35 ± 0.08b

SC2

Brown and shades of brown Elliptic-transverse late

2.75 ± 0.04c × 2.42 ± 0.21bc

4.78 ± 0.16b × 0.40 ± 0.17ab

SC5

Brown

Elliptic-transverse

2.83 ± 0.04c × 2.26 ± 0.27c

4.73 ± .33ab × 0.54 ± 0.16ab

SC7

Maroon

Elliptic-transverse late

2.23 ± 0.15de × 1.86 ± 0.15cd

3.87 ± 0.14c × 0.65 ± 0.17a

SC8

Dark red

Elliptic-transverse

2.11 ± 0.17de × 1.63 ± 0.09e

3.19 ± 0.22cd × 0.26 ± 0.04b

SC10

Brown

Circular

2.24 ± 0.06e × 2.20 ± 0.04c

3.78 ± 0.35c × 0.44 ± 0.11b

SC12

Dark red

Circular

2.74 ± 0.18bc × 2.66 ± 0.04b

4.78 ± 0.35ab × 0.41 ± 0.20abc

SC17

Dark brown

Ovate-depressed

2.23 ± 0.21de × 1.82 ± 0.04d

3.23 ± 0.24cd × 0.38 ± 0.16ab

SC18

Claret red

Elliptic-transverse

2.13 ± 0.08ef × 1.87 ± 0.03d

3.52 ± 0.24cd × 0.40 ± 0.16ab

CJGR-001

Brown and shades of brown Elliptic-transverse

2.06 ± 0.08f × 1.85 ± 0.06d

3.24 ± 0.45cd × 0.39 ± 0.06ab

CJGR-060

Claret red

Elliptic-transverse

2.25 ± 0.12ef × 1.58 ± 0.04e

3.18 ± 0.06d × 0.35 ± 0.09ab

CJGR-068

Brown

Circular

2.03 ± 0.04f × 2.05 ± 0.10cd

3.55 ± 0.26cd × 0.17 ± 0.04c

CJGR-072

Brown

Elliptic-transverse late

3.02 ± 0.12b × 2.72 ± 0.15b

4.68 ± 0.32b × 0.35 ± 0.07ab

SC88

Claret red

Ovate

2.29 ± 0.22de × 1.91 ± 0.12cd

4.59 ± 0.44b × 0.59 ± 0.14a

DDGL

Claret red

Ovate-latissime

3.73 ± 0.22a × 2.25 ± 0.12c

5.35 ± 0.22a × 0.44 ± 0.12ab

SC22

Brown and shades of brown Elliptic-transverse late

3.01 ± 0.15b × 2.98 ± 0.12a

4.54 ± 0.27b × 0.42 ± 0.22abc

SC21

Gray

Ovate-latissime

2.72 ± 0.18bc × 1.95 ± 0.06cd

4.76 ± 0.32b × 0.65 ± 0.24a

SC45

Claret red

Elliptic-transverse

2.72 ± 0.12c × 2.26 ± 0.14c

5.25 ± 0.19a × 0.46 ± 0.22ab

SC47

Brown – Gray

Ovate

2.22 ± 0.08ef × 1.55 ± 0.12ef

2.77 ± 0.32de × 0.32 ± 0.16abc

SC4

Crimson

Elliptic-transverse

2.04 ± 0.13ef × 1.82 ± 0.12de

3.61 ± 0.22cd × 0.37 ± 0.15ab

SC9

Red-spotted brown

Elliptic-transverse late

2.42 ± 0.09d × 1.92 ± 0.15cd

3.89 ± 0.22c × 0.30 ± 0.10b

CTHM

Brown

Elliptic-transverse

1.89 ± 0.08g × 1.44 ± 0.04f

2.95 ± 0.12de × 0.34 ± 0.14abc

CRTC

Dark brown

Elliptic-transverse

1.74 ± 0.08gh × 1.55 ± 0.14ef

2.62 ± 0.04e × 0.30 ± 0.08b

CCWT

Brown

Elliptic-transverse

1.91 ± 0.22fg × 1.51 ± 0.18efg

2.68 ± 0.23e × 0.35 ± 0.08ab

Taxa

Color

SC1
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observed taxa [terminology in accordance with Stearn
(1985)] can be seen in Tables 2 and 3 and Figures 1 and 2a–
2j. The anatomic cross-sections obtained from the centers
of the seeds are also presented in Figure 3. The detailed
seed structures of the observed taxa are presented below.
3.1. C. pallasii
Seeds are circular, elliptic, or ovate, and brown and shades
of brown, or red and shades of red (Table 2 and Figure 1,
#1–15). Seeds are 1.94 (SC8)–3.95 (DDGL) mm × 1.54
(SC8)–3.11 (SC1) mm and have a marked raphe that is 2.79
(CJGR-001)–5.57 mm (DDGL) × 0.13 (CJGR-068)–0.82
(SC7) mm, and caruncle. The seed surface has reticulate or
alveolate cells that are 28–35 µm in diameter and covered
with flat or twisted hairs, sparsely, sometimes densely
(Table 3 and Figure 2a). The basal parts of the hairs are

uniform in thickness and decumbent. The hairs are about
45–65 µm in length and have secondary structures like
punctate and dome-shaped cuticular spurs (Figure 2e).
In the cross-sections, the outer testa is straight and
the inner testa consists of unequal, undulated, or straight
cells. The phytomelan layer is straight or undulated, with a
thickness of about 16–25 µm. The seed endosperm of this
taxon comprises large radial cells, decreased intercellular
gaps, and thin cell walls (Figure 3, #1–15).
3.2. C. turcicus
Seeds are elliptic-transverse, brown and shades of brown,
and 2.86–3.16 mm × 2.86–3.10 mm (SC22). Seeds have
a marked raphe that is 4.27–4.81 mm × 0.20–0.64 mm
(SC22) (Table 2 and Figure 1, #16) and are slightly
caruncle. The seed surface has alveolate cells that are 25–35

Table 3. Micromorphological features of the examined taxa: C. pallasii: SC1, SC2, SC5, SC7, SC8, SC10, SC12, SC17, SC18, CJGR001, CJGR-060, CJGR-068, CJGR-072, SC88, and DDGL; C. turcicus: SC22; C. dispathaceus: SC21; C. asumaniae: SC45 and SC47; C.
mathewii: SC4 and SC9; C. thomasii: CTHM; C. oreocreticus: CRTC; and C. cartwrightianus: CCWT.
Seed
features

Hair types

Taxa

Seed

Raphe

Seed

Raphe

SC1

Sparse flat hairs

Twisted hairs

Reticulate-foveate

Reticulate-foveate

SC2

Sparse flat hairs

Twisted hairs

Reticulate-areolate Reticulate-foveate

-

SC5

Hooked hairs

Twisted hairs

Reticulate-foveate

Alveolate

Punctate

SC7

Adpressed flat hairs

Adpressed flatted hairs

Reticulate

Reticulate

Punctate

SC8

Adpressed flat hairs

Twisted hairs

Reticulate-foveate

Reticulate-foveate

-

SC10

Wrapped up, curled hairs

Wrapped up, curled hairs Alveolate

Alveolate

-

SC12

Twisted hairs

Twisted hairs

Reticulate-foveate

Reticulate-foveate

-

SC17

Adpressed flat hairs

Adpressed twisted hairs

Reticulate

Reticulate

-

SC18

Flat hairs

Twisted hairs

Alveolate

Alveolate

CJGR-001

Sparse twisted hairs

Sparse twisted hairs

Alveolate

Alveolate

CJGR-060

Sparse flat hairs

Twisted hairs

Reticulate-foveate

Reticulate

Dome-shaped
cuticular spurs
Punctate

CJGR-068

Twisted hairs

Twisted hairs

Reticulate-foveate

Reticulate-foveate Punctate

CJGR-072

Adpressed twisted hairs

Twisted hairs

Reticulate-areolate Reticulate

-

SC88

Short twisted hairs

Short twisted hairs

Reticulate-foveate

Alveolate

-

DDGL

Sparse twisted hairs

Adpressed flatted hairs

Reticulate-areolate Reticulate

-

SC22

Twisted hairs

Twisted hairs

Alveolate

Alveolate

-

SC21

Dense flatted shaped hairs

Dense flatted shaped hairs Reticulate

Reticulate

-

SC45

Twisted hairs

Twisted hairs

Reticulate

Reticulate

-

SC47

Adpressed flat hairs

Twisted hairs

Reticulate

Reticulate

-

SC4

Short papillae

Short papillae

Aculeate

Aculeate

-

SC9

Curled hairs

Curled hairs

Reticulate

Reticulate

-

CTHM

Hooked hairs

Hooked hairs

Reticulate-foveate

Reticulate-foveate

-

CCWT

Twisted hairs

Twisted hairs

Reticulate

Reticulate-foveate

-

CRTC

Sparse adpressed flat hairs

Adpressed twisted hairs

Alveolate

Alveolate

-

Primary cell structures

Presence of a
secondary structure
-
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Figure 1. The examined seeds: C. pallasii: 1 (SC1), 2 (SC2), 3 (SC5), 4 (SC7), 5 SC8), 6 (SC10), 7 (SC12), 8 (SC17), 9 (SC18), 10 (CJGR001), 11 (CJGR-060), 12 (CJGR-068), 13 (CJGR-072), 14 (SC88), and 15 (DDGL); C. turcicus: 16 (SC22); C. dispathaceus: 17 (SC21); C.
asumaniae: 18 (SC45) and 19 (SC47); C. mathewii: 20 (SC4) and 21 (SC9); C. thomasii: 22 (CTHM); C. oreocreticus: 23 (CRTC); and C.
cartwrightianus: 24 (CCWT) (r: raphe, c: caruncle, scale bars: 1 mm).
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µm in diameter and covered with twisted hairs (Table 3
and Figure 2b) that are stuck to the surface, rarely upright,
about 50 µm.
In the cross-sections, the outer testa is straight and the
inner testa consists of polygonal cells. The phytomelan
layer is straight or undulated and about 15–24 µm thick
(Figure 3, #16). The endosperm cell shape and intracellular
spaces are similar to those of C. pallasii.
3.3. C. dispathaceus
Seeds are ovate-latissime, gray, and 2.54–2.90 mm × 1.89–
2.01 mm (Table 2 and Figure 1, #17), and raphe is 4.44–
5.08 mm to 0.41–0.89 mm (SC21), with a marked caruncle.
The seed surface has reticulate cells that are 25–28 µm in
diameter, covered with dense flat-shaped hairs, upright,
and about 30–45 µm (Table 3 and Figure 2d).
In the cross-sections, the outer testa of the seed is
undulated, and the inner testa consists of raised and
straight cells as well. The phytomelan layer is straight and
about 12–20 µm thick. The endosperm structure is similar
to that of C. pallasii (Figure 3, #17).
3.4. C. asumaniae
Seeds are elliptic-transverse or ovate, either claret red or
brown-grey, and 2.14 (SC47)–2.84 (SC45) mm × 1.43
(SC47)–2.40 mm (SC45) (Table 2 and Figure 1, #18 and
19). The seed surface has reticulate cells, which are 20–30
µm in diameter, and covered with adpressed twisted hairs
(Table 3 and Figure 2f). The aspect of the hairs is oblique,
upright, or rarely decumbent, about 45 µm.
In the cross-sections, the outer testa is corrugated and
the inner testa has slender, raised, and straight cells as well.
The phytomelan layer is mostly straight and about 18–24
µm thick. The endosperm is similar to that of C. pallasii
(Figure 3, #18 and 19).
3.5. C. mathewii
Seeds are elliptic-transverse or elliptic-transverse late,
crimson or red-spotted brown, and 1.91 (SC4)–2.53 (SC9)
mm × 1.70 (SC4)–2.07 mm (SC9), with a distinct raphe
that is 3.39–4.11 mm to 0.22–0.52 mm, and caruncle
(Table 2 and Figure 1, #20 and 21). The seed surface has
an aculeate or reticulate cell (15–20 µm in diameter) that is
covered with a dense coating of papillae or curly hairs that
are mostly upright and small, rarely decumbent, and about
20–35 µm (Table 3 and Figures 2c and 2g).
In the cross-sections, the outer testa is undulated, while
the inner testa has straight or slightly undulated cells. The
phytomelan layer is straight or undulated and its aspect is
very similar to that of C. pallasii, but thinner, about 8–14
µm. The endosperm is similar to that of C. pallasii (Figure
3, #20 and 21).
3.6. C. thomasii
Seeds are elliptic-transverse, brown, 1.81–1.97 mm × 1.40–
1.48 mm, and have a well-developed raphe that is 2.83–3.07

mm × 0.20–0.48 mm, and a slight caruncle (Table 2 and
Figure 1, #22). The seed surface has reticulate-foveate cells
with a bulb-like protrusion, is 15–30 µm in diameter, and is
covered with hooked hairs that are about 20–30 µm (Table
3 and Figure 2h).
In the cross-section, the outer testa undulated, while
the inner testa has polygonal cells. The phytomelan layer
is straight or undulated and is about 5–15 µm thick. The
endosperm is similar to that of C. pallasii (Figure 3, #22).
3.7. C. oreocreticus
Seeds are elliptic-transverse, dark brown, and 1.66–1.82
mm × 1.41–1.69 mm, with a marked raphe that is 2.58–2.66
mm × 0.22–0.38 mm and a caruncle (Table 2 and Figure 1,
#23). The seed surface has slightly alveolate cells that are
10–20 µm in diameter and mostly covered with upright,
sparse, flat hairs of about 40–60 µm (Table 3 and Figure 2i).
The outer testa is undulated, while the inner testa has
elongated polygonal cells. The phytomelan layer is straight
or undulated and is about 20–25 µm thick. The endosperm
is similar to that of C. pallasii (Figure 3, #23).
3.8. C. cartwrightianus
Seeds are elliptic-transverse, brown, and 1.79–2.03 mm ×
1.33–1.69 mm, with a marked raphe that is 2.44–2.90 mm
× 0.27–0.43 mm and a caruncle (Table 2 and Figure 1, #24).
The seed surface has reticulate cells that are 20–35 µm in
diameter and covered with upright or curved short twisted
hairs of about 20–40 µm (Table 3 and Figure 2j).
The outer testa surface is undulated, while the inner
testa consists of unequal, undulated, or straight cells. The
phytomelan layer is undulated and about 25–30 µm thick.
The endosperm is the same as that of C. pallasii (Figure 3,
#24).
4. Discussion
The seed morphological structures mostly showed
significant variations among the taxa, and these variations
greatly aided in assessing the differentiation of these
taxonomic levels of taxa and establishing taxonomic
correlations (Dahlgren and Clifford, 1982; Grilli Caiola et
al., 2010; Kerndorff et al., 2016). In addition, Maw (1886)
stated that Crocus seeds present many well-marked specific
characters, such as distinctive colors, the raphe, the chalaza,
and the caruncle.
Although some taxa can be differentiated from other
taxa by their seed color (Table 2), even that color can vary
within a taxon. Similar outcomes were reported by Grilli
Caiola et al. (2010) and Kerndorff et al. (2016) in studies
conducted on some Crocus taxa.
The shapes of the examined seeds did not vary greatly
among the taxa (Table 2 and Figure 1). Moreover, the seed
shape characteristics were compared with the descriptions
of C. cartwrightianus and C. thomasii by Mathew (1982)
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Figure 2. The hair types and papillae of the examined taxa: a- sparse flat hair (C. pallasii), b- twisted hair (C. turcicus), c- short papillae
(C. mathewii), d- dense flat shaped hairs (C. dispathaceus), e- dome-shaped cuticular spurs (C. pallasii), f- adpressed twisted hairs (C.
asumaniae), g- curled hairs (C. mathewii), h- hooked hairs (C. thomasii), i- sparse adpressed flat hairs (C. oreocreticus), j- short twisted
hairs (C. cartwrightianus).
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Figure 3. The anatomical structures of the examined seeds: C. pallasii: 1 (SC1), 2 (SC2), 3 (SC5), 4 (SC7), 5 (SC8), 6 (SC10), 7 (SC12),
8 (SC17), 9 (SC18), 10 (CJGR-001), 11 (CJGR-060), 12 (CJGR-068), 13 (CJGR-072), 14 (SC88), and 15 (DDGL); C. turcicus: 16 (SC22);
C. dispathaceus: 17 (SC21); C. asumaniae: 18 (SC45) and 19 (SC47); C. mathewii: 20 (SC4) and 21 (SC9); C. thomasii: 22 (CTHM);
C. oreocreticus: 23 (CRTC); and C. cartwrightianus: 24 (CCWT), (h: hair, ot: outer testa, it: inner testa, pa: papillae, p: phytomelan, e:
endosperm, sm: storage materials, scale bars = 100 µm).

and Grilli Caiola et al. (2010), which were reported as
globose and ovoid, respectively. In contrast to the findings
in this study, C. cartwrightianus seeds were primarily
ovoid, while those of C. thomasii were roundish.
The specimen seed sizes were quite variable (Table 2).
C. pallasii had the broadest seeds, whereas C. oreocreticus
had the smallest. Both of these measurements were
significantly different than those obtained from the other
studied specimens (Table 2). Moreover, these seed size
variations were compatible with the diagnostic characters
in Flora of Turkey (Mathew 1984) for the Crocus species.
In terms of seed size, the samples of C. pallasii were
mostly consistent among themselves, and this finding
was attributed to the fact that the seed size in Crocus may

be a strong character that is unchanged according to the
geographical conditions.
One notable characteristic was also the presence of
the raphe, which was recorded as very conspicuous or
somewhat expanded, and even wing-like on some seed
samples. C. pallasii (DDGL) and C. asumaniae (SC45) had
the most prominent raphe, whereas C. mathewii (SC4)
did not have a clear one (Figure 1). Grilli Caiola et al.
(2010) reported that all seeds in the series Crocus have a
raphe consisting of 2 sheet-like integument constrictions
formed parallel on the side, between the funicle and
micropylar tip. There was a clear caruncle in almost all of
the examined seeds that was usually sticky and attractive
to ants, which transport the seeds considerable distances
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(Mathew, 1982). The raphe and caruncle structures in the
genus have not been examined in detail before this work.
Analyzing the Crocus seeds using a SEM demonstrated
the diversity of patterns on the surface and a comprehensive
investigation would clearly be a valuable exercise (Mathew,
1982). In this direction, the seed surfaces of the studied
Crocus taxa were evaluated, and a variation was clearly
observed in terms of the surface structures, such as the
type, intensity, and length of the hairs; the presence of a
secondary structure, which was a relief on the outer cell
walls (Barthlott, 1981) of the hairs; the presence of papillae;
the primary structure; and cell sizes. Accordingly, most of
the examined surfaces were coated with sparse or dense
hairs, mostly occurring as an intensive mass, with the
exception of C. mathewii, which was covered with dense
short papillae, unlike the other taxa examined (Figure 3).
In previous studies, it was reported that Crocus taxa had
papillae on the seed surface, e.g., in C. cartwrightianus by
Grilli Caiola et al. (2010), in contrast to our results, and in
other Crocus species, such as C. vernus (Mathew, 1982), C.
tournefortei, C. laevigatus (Mathew and Brighton, 1977),
and C. abantensis (Baytop et al., 1975), which were not in
the scope of this study. Crocus oreocreticus, C. thomasii,
and C. turcicus could be distinguished from the other
examined taxa by the means of their hair structures. On
the other hand, the hair features of C. pallasii were highly
variable between the populations, and these variations
showed that this taxon will be split in light of its other
morphological and genetic characteristics (Erol et al.,
2014, 2015). We trust that the seed coat patterns may be a
good marker at the species level when considered together
with the other characteristics, and Carta et al. (2015) were
in agreement with our opinion.
The hairs on the seed surface and raphe of the C. pallasii
and C. turcicus taxa also showed differences on the same
seeds (Table 3). This finding means that if the mentioned
character is used to distinguish the Crocus taxa, the seeds
and raphe surfaces should be taken into consideration
separately. Additionally, the length of the hairs among the
studied taxa ranged from 20 µm (C. thomasii) to 65 µm
(C. pallasii), with or without an erect or adpressed stalk,
some expanded at the base, and with or without some
thickening on their stalks.
Seed surfaces of the examined Crocus samples showed
specified variations in terms of the surface ornamentation,
such as the primary structure and cell diameters, and the
presence of a secondary structure on the surface (Table 3).
The seed surface ornamentation was recorded as 5
types, namely reticulate, reticulate-foveate, reticulateareolate, alveolate, and aculeate (Table 3). Generally,
the obtained seed surface ornamentation (primary cell
structure) types were more or less different and consistent
with respect to the studied taxa, except for C. pallasii, which
showed different cell types in various populations. A high
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level of homoplasy in the seed coat features among the
Crocus species was reported by Wolter (1990) and Harpke
et al. (2012). However, the seed testa characteristics were
effectively utilized for the discrimination of the taxa in this
study.
The average cell diameter of seed surfaces showed
variations among the studied taxa, ranging from 10 µm
in C. oreocreticus to 45 µm in C. mathewii. Surfaces of C.
pallasii had secondary structures such as dome-shaped or
punctate cuticular spurs (Figure 2 and Table 3), which are
significant for the separation of the taxa.
The seed testa structures and epidermal cell types
may allow the establishment of phylogenetic relationships
among the taxa of flowering plants (Corner, 1976;
Karaismailoğlu, 2015). In this study, the variations in the
anatomical characters of the seeds of the examined taxa,
such as the outer and inner testa structures, structure and
thickness of the phytomelan layer, and endosperm cell
structure, were determined using the cross-sections of the
seeds. Accordingly, the testa in the examined Crocus taxa
consisted of 2 layers: the outer and inner testae. The outer
testa has a straight or undulated structure (Figure 3). The
inner testa, which is the layer under a hairy or papillate
outer epidermis, is formed by cells in different shapes,
such as unequal undulated or straight, polygonal crushed,
and raised and straight (Figure 3), and can be useful for
grouping the examined taxa. Furthermore, the obtained
findings are compatible with previous analogous studies
on Iridaceae (Grilli Caiola et al., 2010; Karaismailoğlu,
2015).
The taxonomic importance of seeds containing
phytomelan was clarified by Huber (1969), and the
presence-absence, and thickness (if any), of the
phytomelan layer has remarkable taxonomic significance
in the separation of the taxa of Iridaceae (Dahlgren and
Clifford, 1982). The phytomelan layer of the examined
taxa was observed as opaque, transparent, straight, or
undulated. Its thickness ranged from 5 µm in C. thomasii
to 30 µm in C. cartwrightianus, and it varied markedly in
the examined Crocus taxa. Hence, it was interpreted that
the thickness of the phytomelan layer may be helpful in
the classification of Crocus taxa, owing to the differentiated
thickness in most of the examined taxa in this study. In
addition, the endosperm cells of the examined taxa were
of one type, which consisted of large radial cells, decreased
intracellular gaps, and cell walls. The lack of a difference in
this structure among the studied taxa makes it a worthless
character for taxonomic practices.
In this investigation, the morphological and
anatomical features of Crocus L. series Crocus taxa,
except for C. hauss-knechtii (Boiss. & Reut. ex Maw)
Boiss., C. sativus L., and C. moabiticus Bornm., were
studied in detail, and the practicality of the examined
characteristics in the infrageneric delimitation of the
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series was questioned. Accordingly, the implementation of
some seed characters, which are frequently related to the
seed micromorphological and anatomical structures, were
partly supported as potential diagnostic characteristics in
the classification. Further studies, including cytological
and molecular markers and detailed field work, will
be needed to completely establish and understand the
taxonomy and diversity of this series in Turkey.
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